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Table 3. Annual nitrogen budgets (kg ha—! yr~1). Values in parentheses indicate respective percentage of NH4-N, NO3-N, and DON in TDN.
Net equals difference between inputs and outputs.

HB6 HB7 HBS8 HBY CP SR LB4 LB6 LBS8
Item 9596 9697 95-96 9697 95-96 9697 9596 9697 9596 9697 9596 9697 94-95 9495 9495
Input
NH4-N 24 2.7 24 2.9 2.4 2.8 24 2.8 3.0 3.0 3.6 25 2.1 2.1 2.1
(%) 26 25 (26) 2% @26) @3 (26) 25 “0) €2 (39 2% 28 28) (28)
NO3-N 52 5.8 52 6.2 5.1 6.1 5.2 6.1 32 4.5 3.8 4.7 42 4.2 4.2
() (57 (59 57 (59 (56) (54 (57 (54 42 (50) (C2)) (53 (55) (5% (55
DON 1.6 22 1.6 24 1.6 23 1.6 23 14 1.4 1.9 1.7 1.3 1.3 13
(%) an 21 an @1 18) €2y an @n 1) (16} (20) 19 an an an
TDN 9.2 10.7 9.2 11.5 9.1 11.2 9.2 11.2 7.6 8.9 9.3 8.9 7.6 7.6 7.6
Output
NH4-N 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.3 0.1 03 0.0 0.0 0.0 0.1
(%) “ (V] @ © 3 )] 3 () 23) (10 (&) © © © @
NO3-N 0.8 0.4 13 0.6 1.2 0.7 0.5 0.4 0.1 0.0 2.1 2.1 1.0 1.8 0.6
(%) (35 (25 48 (40) (39 (33) an (16) ® © (62) (2)) (56 (62) (26}
DON 1.4 1.2 13 0.9 1.8 13 2.4 2.0 0.9 0.9 1.0 0.5 0.8 1.1 1.6
(%) (1) 7% (48 (60) (58 (62) (80 (80 (6% 0 29 (19 @9 (38 (70
TDN 23 1.6 2.7 1.5 3.1 21 3.0 2.5 1.3 1.0 34 2.6 1.8 2.9 23
Net
NH4-N 23 2.7 23 29 23 2.7 23 2.7 2.7 29 3.3 2.5 2.1 2.1 2.0
NO3-N 44 5.4 3.9 5.6 39 54 4.7 5.7 3.1 4.5 1.7 2.6 32 24 3.6
DON 0.2 1.0 03 1.5 —-0.2 1.0 —-0.8 0.3 0.5 0.5 0.9 1.2 0.5 0.2 -03
TDN 6.9 9.1 6.5 10.0 6.0 9.1 6.2 8.7 6.3 7.9 5.9 6.3 5.8 4.7 53

Sel
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1997 (Table 4). The ratio of organic C:N in inputs and outputs (Table 4)
reflects these differences with higher ratios in streamwater (range = 17 to
51) than in precipitation (range =7 to 10).

Discussion

Importance of DON

DON is a measurable component of N in both precipitation and streamwater
in the northeastern United States. During the study period, inputs of DON
ranged from 1.3 to 2.4 kg ha™! yr~! and outputs ranged from 0.5 to 2.4 kg
ha—! yr~1. A substantial amount of TDN in precipitation was composed of
DON (16 to 21%), and in some watersheds DON was the dominant form of
N (up to 90% at CP) in streamwater (Table 3). Despite the high percentage of
DON in TDN, the flux of DON in inputs and outputs was small compared to
soil N pools. N capitals at HB, for example, are 1,300 kg N ha~! in the forest
floor and 5,900 kg N ha~! in the mineral soil, compared to DON inputs of 2.0
kg ha~! yr~! (Huntington et al. 1988).

Although all of the study watersheds showed a net accretion of N, little
of this net accretion was due to net DON retention. The retention of N in
study watersheds can be attributed to net retention of both NO3-N and NH;-N
but not DON resulting in streamwater TDN losses dominated by DON. This
dominance of DON in streamwater exports is common in watersheds from
various biomes, including remote temperate watersheds in Chile (Hedin et
al. 1995), neotropical watersheds in general (Lewis et al. 1999), and boreal
watcrsheds in Finlond (Kortelainen et al. 1997). We suspect that only in
regions with large anthropogenic inputs of inorganic N will N losses from
forested catchments be predominantly inorganic. Although the immediate
impacts of DON on aquatic ecosystems are not as significant as those of
inorganic N, DON is potentially bioavailable (Seitzinger & Sanders 1997)
and must be considered in any budgetary analysis of N flux.

There were no discernable seasonal trends in DON during the study period
(Figures 2-3). There was variation in the concentration of DON from month
to month, but a comparison of the 2 years showed no indication of a consistent
pattern. In other studies in the northeastern United States, DON in forest floor
leachates exhibited seasonal increases during the late summer and early fall
(Currie et al. 1996). This finding has been attributed to enhanced decom-
position of organic matter in the summer and new litter inputs following
senescence. We did not see this trend in streamwater (Figure 3) probably
because any seasonal response in streamwater is dampened by interactions
between DON and mineral soils (Qualls & Haines 1992) or that DON concen-
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Table 4. Annual DOC and DON budgets (kg ha~1 yr—1) and C:N ratios.

HB6 HB7 HBS HB9 Cp SR LB4 LB6 LB8
Item 9596 9697 9596 9697 9596 9697 9596 9697 9596 9697 9596 9697 9495 9495 9495

Input
DOC 142 16.1 14.3 17.2 14.2 16.8 14.5 16.8 14.1 14.0 17.1 17.2 11.6 11.6 11.6
DON 1.6 22 1.6 24 1.6 23 1.6 2.3 1.4 1.4 19 1.7 1.3 1.3 1.3
CN 9 7 9 7 9 7 9 7 10 10 9 10 9 9 9
Output
DOC 314 26.3 26.5 233 449 44.3 105.7 977 46.3 38.6 17.2 11.5 25.0 29.1 65.4
DON 14 1.2 1.3 0.9 1.8 1.3 24 2.0 09 0.9 1.0 0.5 0.8 1.1 1.6

C:N 22 23 20 26 25 34 44 50 51 42 17 23 31 26 41
Net

DOC -172 -102 -122 —-6.1 -30.7 =275 -912 -809 322 -246 0. 5.7 —134 -17.5 -53.8

DON 0.2 1.0 0.3 1.5 —0.2 1.0 —0.8 0.3 0.5 0.5 0.9 1.2 0.5 0.2 —-0.3

Lel
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trations are affected by riparian zone (Hedin et al. 1998) or within-stream
processes (Sun et al. 1997).

The 2 years of data collected at HB, CP, and SR show that differences in
input-output budgets of N are driven by annual variation in precipitation and
streamflow rather than by differences in DON concentrations. Streamwater
DON concentrations appear relatively unaffected by hydrological events such
as rain storms and snowmelt runoff (see correlations presented earlier). In
contrast, increases in DOC with discharge are consistent with results from
similar studies and have been atiributed to increased leaching of throughfall
and changes in flow paths from mineral horizons to organic soils during rain-
storms and snowmelt runoff (McDowell & Likens 1988; McDowell & Wood
1984; Newbold et al. 1995). The significant correlation between DOC and
DON at most watersheds suggests that both forms of organic matter behave
similarly, but DON appears less affected by discharge than DOC,

The importance of DON in the N cycle is difficult to assess because
of uncertainties regarding its composition, sinks, sources, and bioavail-
ability. Some of the DON input is presumably of natural origin, as it is
found in precipitation from relatively remote areas (Eklund et al. 1997).
Human perturbations such as biomass burning and industrial combustion also
contribute DON to precipitation (Russell et al. 1998). Sources of stream-
water DON include throughfall, leaching, and decomposition of litter and
soil organic matter, plant exudates, fine-root and mycorrhizal turnover, and
the waste products of macro and microorganisms. Sinks for DON in soils
include adsorption in both organic and mineral horizons, and to a far less
extent direct removal of DON by roots and mycorrhizae (Finlay et al. 1992;
Northup et al. 1995; Qualls & Haines 1992).

DOC:DON (C:N) ratios

Several studies indicate that in the forest floor, mineralization, nitrification,
and subsequent losses of DIN in leachates are negatively correlated with
soil C:N ratios (Gundersen et al. 1998b; McNulty et al. 1991). We found a
similar negative correlation between annual DIN losses (particularly NO3-N)
and streamwater organic C:N ratios (Figure 4). We cannot be certain of the
cause of this correlation, but suspect that streamwater C:N ratios reflect soil
C:N ratios and hence the availability of inorganic N in each watershed. In
areas where the supply of N exceeds the biological demand for N, foliage
typically has a higher N content (Aber et al. 1995), which would cause a
reduction in the forest floor C:N ratio and an increase in NO;-N leaching.
At the watershed level, this interaction between C and N could result in high
DIN losses.
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Figure 4. Regression of streamwater DIN exports (kg ha~1 yr—l) on streamwater C:N ratio.
Points represent the mean annual value for each site.

Streamwater C:N ratios may be an effective indicator of susceptibility to
N saturation and could be used to monitor the N status of sites. Gundersen et
al. (1998a) suggested this possibility using forest-floor C:N ratios. Measure-
ments of streamwater DOC and DON may offer some advantages over soil
C:N ratios because streamwater values are relatively easy to obtain and are
not subject to the seasonal fluctuations associated with DIN. Additionally,
streamwater C:N ratios provide an integrated signal for the entire watershed
and reduce the problem of spatial variability associated with soil sampling.
Although concentrations of DOC and DON were variable over time at some
of the watersheds we studied, both forms of organic matter behave similarly
with respect to hydrologic changes, resulting in relatively constant ratios.
Streamwater C:N ratios thus may prove to be a useful tool in characterizing
nitrogen dynamics at the watershed scale.
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